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Xlll tolerances, life-history, behavioural and morphological factors that ultimately 
determine distributions at the large scale (Dennis, 1993); for ectotherms such as 
butterflies, most ofthese attributes are closely linked to aspects of  weather and 
climate.  Detailed investigation of  the direct effects of  climatic factors on physiology, 
behaviour etc. is unfeasible for all but a few species, but broad-scale expansion and 
contraction of  species' distributions is the ultimate effect of  major environmental 
change and is the focus of  conservationists and policy makers. 
The evolutionary history of  British butterflies can be traced back through numerous 
glaciations, interglacials, stadials and interstadials that have occurred over the past 
two million years, but the arrival of  contemporary butterfly species is believed to 
have occurred during the latter half of  the last glacial stage (the Devensian), 
beginning some 15 000 years BP (Dennis, 1977, 1992).  The main 'invasion' of 
butterflies to the British Isles occurred after the post glacial period after the Loch 
Lomond Stadial (or Younger Dryas) however, and the environmental changes during 
the subsequent Flandrian period (Holocene) have subsequently had profound effects 
on their distribution. 
Following the retreat of  ice and rising temperatures, temperate butterflies of  open 
habitats expanded during the pre-boreal phase, but were then curtailed by woodland 
expansion during the late Boreal and Atlantic phases.  In contrast, woodland 
butterflies that require mature tree hostplants spread widely during the Boreal and 
Atlantic climax forests.  From around 5000 years BP, forest clearance began under 
Neolithic cultures and grew apace during the Bronze, Iron and later cultures with 
contrasting effects on open habitat vs woodland species.  Despite the subsequent 
increases in the human population and resulting pressure on the land, agricultural 
practices were non-intensive and weeds were allowed to persist, extensive areas were 
left fallow, herb-rich pastures thrived and widespread enclosure created new semi-
natural habitat in hedgerows (Mitchell, 1965). 
The favourable habitat conditions and relative warmth during the medieval period 
(10
th to  14th C) probably made this period the heyday for British butterflies.  Even 
though the subsequent climatic downturns ofthe Sub-Atlantic and ofthe Little Ice 
Age (around 1450 till 1850) would have caused range retractions in both woodland 
8 flowering and seeding of  vegetation, and the abundances of  bees, butterflies, slugs 
and snails, and other invertebrates in the field margins. Where treatment effects are 
significant, their magnitude is estimated and the implications for farmland 
biodiversity of  growing these GMHT crops is discussed. 
18 Figure 2.1.  Time trends in spring and summer Central England Temperature (CET), 
1976-1998.  Open circles are spring temperatures (mean February-April CET) and 
solid circles are summer temperatures (mean May-July CET). 
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32 Table 5.1.  Summary of  estimated trends in temperature and rainfall 1976-97. 
*  p < 0.05.  a  excluding  hot summer of 1976. 
Month  Estimated slope (s.e.) 
Temperature (OC)  Rainfall (mm) 
Jan  0.072(0.065)  0.19(1.40) 
Feb  0.077(0.070)  0.40(1.20) 
Mar  0.071 (0.046)  -2.20(1.00) * 
Apr  0.062(0.033)  0.57(0.95) 
Maya  0.028(0.039)  -0.85 (0.93) 
Jun a  0.046(0.035)  -1.00(1.30) 
Jul a  0.073(0.044)  0.34(1.00) 
Aug a  0.100(0.048) *  -0.95 (1.20) 
Sep  -0.031 (0.030)  -0.01 (1.40) 
Oct  -0.004(0.048)  -0.78(1.30) 
Nov  -0.011 (0.050)  0.38(1.10) 
Dec  0.005(0.064)  -1.20(1.40) 
Jan-Apr  0.070(0.034) *  -0.27 (0.56) 
May-Aug a  0.063(0.023) *  -0.64(0.57) 
Sep-Dec  -0.010(0.210)  -0.40(0.61) 
Annual a  0.038(0.021)  -0.44(0.27) 
76 Table 5.2.  Number of  significant effects (P < 0.05) for monthly weather variables 
after allowing for previous index (percentage in parenthesis) for 31 species and 608 
tests.  Comparison with number expected by chance using a chi-square test: * P < 




54 (8.9) *** 
11  (1.8) 
Negative 
77 
24 (3.9) * 
37 (6.1) *** 
Overall 
78 (12.8) *** 
48 (7.8) ** Figure 5.1. Fluctuations and trends in temperature and rainfall data: (a) mean 
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85 Figure 5.2.  Observed fluctuations in collated butterfly index (solid line) together with 
fitted model values 1976-90, stepwise predictions 1991-97 using observed log index 
in the previous year (dotted line) and free-running predictions 1991-97 using observed 
log index in 1990 only (dashed line).  Arrows indicate first year of  free-running 
predictions (1991). 
[Plots are shown on next two pages] 
86 been shown to be particularly sensitive to differences in vegetation, and highlight their 
importance as a key indicator species in future studies of  agro-ecosystems. 
115 Figure 6.1.  Cross-section of  a field margin.  Vegetation plots were recorded within 
the boundary, field verge and tilled margin. 
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Crop Figure 6.2.  Location of  margin sample points in a standard half-field.  Symbols 
indicate sampling locations as follows: *  gastropod searches, and margin attribute 
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a:l Exploiting the extensive datasets on butterfly populations available in the UK, this 
thesis demonstrates clear affects of  climate change and changing agricultural practices 
on a range of  attributes of  populations. 
150 